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By Thomas &. Popplewell? 


INTRODUCTION 


This paper is one of a series being prepared for and published by the 
United States Bureau of Mines describing the mining andtreatment methods and 
costs obtained in sand and gravel plants throughout the United States. 


Taese ravers are designed to disseminate tecnnical information regard- 
ing the metnods used. The.cost tabulations represent operating expenditures 
only and not total costs. It is recognized that publication of total costs 
might in many instances cause embarrassment to individual operators as well 
as to the indistry as a whole. On the othe: hand operating costs are essential 
to the tech:.:al discussion and study of the methods employed. The attention 
of the reader ig specifically called to this differentiation in order that no 
misunderstanding of the scope of the cost tabulations shall ensue. 


The methods employed at the Kart Spur pit of the Fort Worth Sand & Gravel 
Co, are described in tiis paper. The pits are located along the Trinity River, 
from Fort Worth eastward to the Tarrant County line, and are adjacent to the 
Rock Island Railway Co.'s tracks, to which the standard-gage gravel-pit track 
is connected at Hart Spur. | | 
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tISTORY 


Wnen sand and gravel were first used for building roads and concrete 
structures in this vicinity, the pits were operated by hand and deliveries 
vere made by wagon from pits that are now within the city limits of Fort ‘orth. 
The company is still working a muaber of these pits as one unit, althouch its 
operations now extend down the Trinity River about 15 miles. In 191°, the 
company opened the first machine-operated grevel pit in tne county and produced 
pit-run concrete gravel for the building trede. In the following year it built 
a small gravity washing and screening plant in order to make a product that 
would compete with crusned stcne, The progress made in the design and control 
of concrete for specific purvoses hes created such a cemend for better sraded 
and washed materials that tiie company has been forced to remodel old plants 
and to build additional ones of modern type. 


GEOLOGY 


Tro types of gravel deposits are found in Tarrant County: (a) River 
gravel, which is fccnd in. the lowlands and consists of rounded clean pebbles 
and sand with little or no cementing material; and (b) pit gravel, which is 
found in the upland or earlier river bottoms and consists of angular, flat, 
elongated varticles mixed with clay.and other foreign matter and particularly 
with plasvic clay balls. The surface over both types of devosits is general- 
ly level. The uplend gravel deposits are usually the thicker and have heavier 
overburden; otherwise the two types of deposits are quite similar. These 
deposits of sand and gravel were wasued down the Trinity River from dis- 
integrat<:d med:vm-hard limestones upstream. As might be ec:zpected the larzer- 
‘sized pebbles -iere deposited first and the smaller sizes were washed on down- 
stream. The depnosition of the material seems to have been caused by tne 
interference of small tributaries, as the deposits are almost invariably found 
on the upstream side and immediately adjoining tue mouths of the small streams. 
(See fig. 1.) The deposits vary in size from e few acres to over a lundred 
acres and exist mostly on the north side of the river - @ fect wnicyu has never 
been satisfactorily explained. 


By mining upland and river gravels at the same time with separate dra, - 
lines the two can be mixed in the washing plant with good results, a sandy 
soil and clay varying in thickness from 4 to 8 feet coveres the deposits, 
which vary from 8 to 25 feet in thickness, In the river deposits vater is 
found from 6 to 8 feet below the surface. This enables the operator to pro- 
duce a relatively clean pit-run gravel, containing only about 1 ver cent clay 
and silt. Some deposits have a natural grading which permits the use of this 
pit-ran materiel in making concrete for small jobs, such as residence fovnde— 
tions, sidewalks, and street-paving base where asphalt topping is appolied. 

The deposits are rather free from conglomerate (particles of sand and gravel 
cemented with free lime from the pit water) except at the weter level. 


The deposit at Hart Spur consists largely of river gravel, but there are 
some adjacent upland gravels. At the time of this report the river sravel 
only was worked, 
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PHYSICAL CHaRACTanISTICs 


Jnder the top soil which is about 2 feet deev, clay 3 to 8 feet thick 
overlies the gravel deposit. This overburden forms about 40 per cent of tre 
total material harldled, and is cast back into the pit made by previous exca- 
vations. The sand and gravél bearing stratum is from 8 to 25 feet deep and 
is usually underlaid by blue shale. The gravel deposits vary in size and 
shape, but the averege size of commercial deposits is aoout 70 acr== and they 
are usually triangular in shape - a fact that is accounted for by vwne 
deposition of the material on the upper side of tne tributaries and betrreen 
them and the main river. The material is loose and runs approximately 40 per 
cent of sand and 60 per cent of gravel. Tne sand and smaller sizes of gravel 
are siliceous, whereas the larger gravel is mostly limestone. Structurally 
the sand and gravel is sound, but cccasional flat, elongated "floaters" are 
found. These floaters amount to about 1 per cent of the gravel in the uvland 
deposit, and being soft they increase the amount of abrasion shown by tests. 
The floaters found in the river gravel are negligible. 


ANALYSIS OF MATERIAL AFTER WAScING 


Limestone egrevel 


netcincea on: 


j-inch screen ...ecesseoee per cent 0.00 
Pa do. errr ree do eel 
tO 06 tices aoaawe do 5.4 
le do Saisie aheraeees do 9.4 
1 CO... wade were do ol.l 
3 Go re ete do 48.6 
~ = do serieianee »2s dO 81.1 
+ é0 ee ee do °8.0 
Passing: 
S-inch screen ....seevece do 2.0 


Specific. Bravity sscerasieeccacesiscas 061 
‘Dry weight per cubic foot ... pounds 96 
VOUS) weikies ici. enindwisaeees’ DEF CEN CL 
ADTASLTON: 144.40 sssoen Saseewes Go 12 


Siliceous sand 


Retained on: 


4-mesh screen ............ per cent 3.0 
do eae Sp eeceers do 25.0 
14 do @®eee#8e#«#@ @o@3oe8 @ do 40.0 
28 dado ereevoveeeeeee do 54.0 
20 do e@eeenseeeesnee do G0.0 
100 do eeosoveeeev eee? , do 99,5 
Passing: : “oa.w* * 
100-mesh SCTCECGR ceoccvcvecece , do as 
Specific gravity .wccrccesees 65 


Sei c 
Dry weigh er cubic foot ... ounds 105 
Touds ee ee ee ner cent 46 
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PROSPECTING, EAPLOnsTIOn, ALD Sat-PLING 


Prospecting end exploration is begun in areas neur outcrops of a gravel- 
bearin; stratum, usually in creek banks and in the bottom lands near willow 
trees, which commonly srow above the gravels in this section. The first test- 
ing is done with a rezizlar 8-inch vnost-hole auger, fitted with an extension 
nandle so tnat a deptu of 10 or le feet can be reacned. This preitminary vorx 
does not indicete tiie quantity or the cuality of tle material or the dentn of 
the gravel stratum, but it serves to ovtline the deposit and cetermine now 
buch overburden must be removed. Sometimes l:oles ere sunk more or less at 
random, but they are generally spaced in rows at rigat angles and aistanced 
rougaly in multiples of 100 feet. 


If the results of the preliminary investigation justify it, the area to 
be tested is staked off in checkerboard fasi:ion at intervals of 100 feet. «at 
every tuird stake a test vit 35 by & feet is dig | to the tov of the zravel 
stratua and is continued as a round hole about 3) feet in diameter to the 
bottom of tne zrevel or until weter is struck which prevents siniting further 
by hand. It is not important to reacu the vottom of gravels below tne water 
level because experience nas snorm tuat the material under water is better 
than tnat noote it. gO eters if we Seale stratum above the eae oe thia 
quantity of seteriel in tre ers a ened oré-.ge-peel bucket panei in- 
side a c0-inch casing to continue the digging below water level, This bucket 
is handled on @ sma4ii crane and is operated by haud. saowever, if tnere is as 
mach as 6 feet of sravel above weter, the hole is deerened by hand for 2 feet 
below tater level and the excavation is stooped. After reaching a vrofitabdle 
depth it is not importers to determine lower extent of tne gravel, for only an 
approximate average bottum can be determined at best, as it will often dip or 
rise irregularly in the 3CO feet betveen pits. 


Tue test pits are rlatted, showing the deptks of overburden and of er-vel, 
and from this data the extent and aporozimate yarcage of the devosit is 
calculated. Notations are mede on the plat snowing tle quality of material in 
each test pit. 


The overburden is piled to one side of each test pit and kept separate 
from the gravel. If the character of the grevel changes from top to bottcia, 
then the different kinds of material are piled separately so tnuat 2 sample 
can be taien from ecch pile. «A screen analysis is made of each of tnese 
samples, which, after teing separated into gravel and sand, are mi:z:ed in pro- 
portion to the thickness they represent. This composite sample is sent to tle 
State Testing Laboratory for a report on the apparent specific gravity, abra- 
sion, absorption, voids, screen analysis. and veignt per cubic foot. The re- 
sults furnisned by the State Laboratory are checked by the company and if 
there is imcn variation an independent testing laboratory is consulted and 
further sampling of tne deposit may be undertailcen. 
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Tne cost of digging test-vits varies vith the herdness of tue ground. 
There is little ceving.of the sidewalls, except below tne water line. Post 
holes cost anproximately 10 cents per voor and me test pits about #1 ver 
foot of depth. | pee 


Cr.CICE Or ..0TnOD 


The dragline was chosen es tue best means of excevation, for tae follov- 
ing recsons: (1) The deposit is shallow, the avereze devtn to the bottom of 
the gravel being 20 feet; hence,. frequeat moving of excavatins equivment is 
required; (2) 4 to 10 feet of the denosit is oelov water level; (4) the rail- 
road tracics and hauling equipment recuirtd for delivery to the wasiing plant 
could be installed and maintained with saininwm cirficulty; and. (4) there is 
not enougn dependable water to operate a pumping plant. 


Tie overburden amounts to about 40 ver cent of tne totel material sendled 
and is easily removed witi.out dilution of the sand and ;.ravel below. -vrees 
sometimes grov over tne deposits. If there are many of them, or if they are 
large, it is-necessar;, to cut them dorm before commencing ei:cavation, but if 
they are small they are removed by the-drezline along with the overbdurden. 
This overburden is cast back into the open pit which has just been excave-ted, 
The accorpany ing plan of tracks and pit operation (fiz. 2) shows the method 
used. : 


Denne 


Stripping ls ordinarily ous Saterstepeati: ly by thé seme drazline that 
does the loading and requires about 40 ver cent of its digging time. The 
dragline will striv off a "set up" (the area reached by the bucket without 
moving tne wechine), and then vroceed to loed the sravel and sand into cars 
before moving down tne track to the next set up. Tue overourden is usually 
rasted. Gccesionally, however, the railroads will use it for naxin; fills 
or renairing washouts, but less than 2 »ver cent of tie overburden is sold. 


HaiCaVaTLCNn 


“a skid-and-roller type and a walkinz-type dregline are used for both 
stripoins and loading, ‘Tre former is sieaw operated and is equinped with a 
100-foot boom and a 43-cubic yard tmcket. It has a 120-hp., locowotive-tyne 
boiler with 176 two-inch tubes. O11 is used as fuel and is pumped fron tue 
locomotive tender to the dregline as required. Tue locomotive tales oil from 
the main storage tank located at tne washing plant. Water is pumped to the. 
dragline boiler from en abandoned pit in which the water has cleared by a O-hp. ~ 
sasoline engine directly connected to a 22-inch centrifugal pump. -It is con- 
veyed to the dragline by a 2-inch nine line laid on top of the zrovnd alon: 
the railroad track. ‘This dragline uses 140 feet of 1-3/8-inch, S-strand, 
19-wire, Lang-lay cable vith independent wire-rope center as a drag cable. 

Toe life of the cable is approximately three months. For olstins, a 6-strenc, 
19-wire, regular ley, hemp-center 7/8-inch cable 440 feet long is used. Tis 
cable lasts approximately eight months unaer averege concitions. 


61 - 65- 


Google 


The walking-tyve drezline is povered by a 120-lip., e-cylinder Diesel 
engine vith 16-inch stroke and bore, operating at 260 r.p.m. and equipned 
with a 70-foot boom and a 3-Gubic yard bucket. It has 110 feet of ly~-inch, 
plough-steel, 6-strand, 19-wire Lang-ley drag cable with wire-rope center, 
The hoist ceble is 220 feet long, 7/8-inch diameter, 6-strend, 1°-wire, 
plougn-steel, regular-lay with hemp center. — 


This inachine operated 4,200 hours during 1931 end consumed 4,224 
gallons of distillate, or 0.10 gallon ner ton of sand and gravel mined. The 
distillate for this machine is pumped from a special tank mounted on top of 
the locomotive tender. The price as of Janusry 1932 was 2s cents per gallon. 
The operating cost per ton with this machine is considerably less than with 
the steam machine and for that reason it is used more. at present, only one 
of tiese macuines is used, bat during the height of summer business both 
machines are operated on tne river deposit. 


HAULAGE 


After being stripned, the sand and gravel are loaded into railroad cars 
and nauled to the washing plant by steam locomotives. Two 90-ton locomotives 
pull empty cars from the railroad to the Grace ae, a distance of 35 miles. 
After the cars are loaded they are hauled 24 miles over a level track to the 
washing plant. where they are emptied and refilled with wasned material, 

They are then hauled 1 mile up a 4 per cent grade to the main line of tne 
railroad for delivery to the consumer, a third locomotive, veighing SO tons, 
is kept in reserve to replace either of the others when laid up for repairs. 
During the year the locomotives worked 7,350 hours and consumed 9,9°0 barrels 
of fuel oil, or 0.0292 barrel per ton of sand and gravel mined. 


PLANT 
Figure 3 shows a flow sheet of the plant. 


The sand and gravel are loaded into drop-bottom cars and transported to 
the plant hopper which is 15 by 30 feet in horizontal section, is built of 
concrete, and has a capacity of 150 tons. A horizontal grizzly made of 60- 
pound rails, inverted, and spaced with 4-inch clearances, covers the entire 
top of the hopper. The material tnrough the grizzly is fed by a 30-inch plate 
feeder to a 30-inch main conveyor belt which delivers it to the scrubber sec- 
tion. The plate feeder is driven from tne tail pulley of the main conveyor 
by chain and sprocket. It has a speed of 60 r.p.m. and a tarow of from 3 to 
7 inches which may be regulated to suit requirements. The mein conveyor belt 
is 185 feet between centers and is supported on an incline of 15 degrees by 
timber framework. This belt is driven 250 f.p.m. by a 30-hp. ball-bearing 
motor making 1,200 r.p.m, The belt is made of 5-ply 32-ounce duck with 1/8- 
inch rubber top and 1/16-inch rubber bottom, Any imterial that passes the 
erizzly but is too large for commercial use is thrown off the belt by hand 
into a lé-inch jaw crusher set to crush to 2 inches and operating at 600 r.p.m. | 
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Tue crusher discharges onto a 16-inch inclined conveyor belt hich cerries 
t..e crusted uaterial back cnto the main conveyor. The crusher and lo-iach 
conveyor are belt driven by a l5-hp. motor making 1,200 r.p.m, 


Lurms of shale that have been dug un by the draglines are picked otf 
the belt by hand and piled on tue ground until there is a carload, when. they 
are picked uv by a small clamshell end loaded into cars or trucks and hauled 
to waste piles, ‘The quantity of suale or oversize is smail end gives practical- 
ly no trouble. | | 


The conveyor belt delivers to a wixing box 50 feet atove the bottom of 
tie hopper. This box, 4 feet savare and 3 feet deep, is made of wood and 
lined with steel plate. “An 8-inch stream of water discharging into it iixes 
the material and washes it through en opening into the main veshing screen. 
Tre vater is supplied from a vond 75 by 100 feet dug a sicrt distance avay. 
Tris ood is about 15 feet deep, and the natural flow of sround water into 
it is s:pnlemented vy usiug the wash weter over again after the silt hes 
settled, An 8-inc”™ centrifugal pump driven by a 50-hp. ball-bearing motor 
forces 1,200 gallons per minute into the mixins box. 


Tue pipe from the main pump has a horizontal lengta of 400 feet and a 
vertical rise of 40 feet, making a totel head of approximately 115 feet. The 
pressure sage at the pump registers an average of 40 nounds per square inc:.. 


Tne main screen is a heavy-duty cylindrical scrubber, whick is 6 feet in 
Giameter and 20 feet long. It is equipped ith trunnion besrings, is inclined 
at 3° and makes 30 r.p.m. The first S feet is @ solid scrubber section witu 
baffles wnich break loose all particles stuck together, Tne baffles are mace 
of 3-inch angle iron and are set 3° ovt of line with the screen axis. The 
next 15 feet is nade up of :;~inch steel plate perforated with 3/8-inch round 
uOles. Surrounding tae screen is a sand jacket of wire clovh: with 1/8-inci 
square openings. This jacket is 6:; feet in diometer and 15 feet long. | 


Tie proportion of material passing; over and tnrougn tne various screens 
of the trommel has never been determined. Urdinarily tue 3/8~-ineli screen 
lasts one year while the sand jacket uas to be reneved at tne end of si: 
months. The sand and water passing the sand jacket are flumed to tvo sand 
classiriers of the dra: type, constructed of wood Witn three reilroad rails 
in the bottom of the tank to take the wear of the flight clates. acl bo: is 
53 feet wide inside and has a flat-bottomed section 10 feet long and a 1b-foot 
section with the bottom inclined at'20°, Two:lengths of lio. 830 chain have 
attachments at every otzner link for carrying the flizht plates, whicn are sede 
of 3/8-inch steel, 5 feet long and 6 inches wide. These two chains are set 
on 25-foot centers. The plates are svaced at J-foot intervals and travel 25 
feet ver minute, Each drag is operated by a 15-hp. ball-becring motor making 
1,400 r.pet. and transmitting porer tirough spur gears and a chain drive in 
oil. . 
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The veter flows out one end of tne classifier to the settling basin, 
and the sand is drasged to tie otner end, deposited on a ¢24-inck. conveyor 
belt, carried to the top of tiie plant, and dropped onto the first stora_,e 
pile. 


It is difficult to determine the tonna.e handled by each of these 
drazs, as at times tne material from the pit will not contein mech sand end 
one drag is operated vithout the other. At otuer times the flow o° waterial 
is reduced wiile one of the drazs is being renaired, If voth dra ss are 
running they eacn uandle one-half of tie sand. Tne parts on these sand 
drags wear rapidly. Where the flight vlates weer on the rails in tie rN 
of the ie thereby cutting a zroove in the fli.jnts, they are reraired vit 
@ piece of 4+ by 6 by 6 inch steel plate, drilled vita two holes throug tre 
center line ana bolted so that ruen one side wears out they can be reversed. 
The dra; chain is of the link, bushins, and pin type, and will last a year if 
the bushin;. Ss &re properly reneved ween worn. Tne sprockets for this cnain 
are made of im: ‘nganese steel, having 10 renevable, reversible teeth. These 
sprockets wilt last a year, 


Both sand ares deposit sand on the same conveyor. This alee 
172 feet between centers, is inclined at 159, and is Gcriven tirough ; 
connection ty a l5-np. ball-bearing motor ne 1,890 r.p.m. 


Tnis conveyor ond all tue other belts in the slant, with the exception 
of the main conveyor belt, are 24 inches wide, end are made of oO-ply 32-ounce 
duck with 1/8-inch rubber top and 1/16-inch rubver bottom. The short belts 
are @ll driven by o-hp. oall-bearing motors, through gear connection, 


All sizes of material avove 1/8 inch are discuerzed from the end of the 
cylindrical screen onto a belt conveyor and curried to the ton of tue vlent 
for sizinz and distribution to storage piles. The grevel is conveyed by a 
series of short belt conveyors, &5 to 65 feet long to a series of 6 vibrating 
screens, 4 by 7 feet, and inclined at anvroximately 40°. The screens on tuese 
vibrators will last from 6 to 15 montus, dependinz on tneir mesh size, ‘Te 
lar..er screens wear out more quickly as they carry a lerger load. At each 
successive screen the oversize is screened out and carried to storeze, and 
the undersize goes to the next screen. Wire screens are used on .v..ese vibra- 
tors, the size of openings beginning at 3 inches and diminishing tO 175.42; a 
and j-inch, making sizes of cravel as follows: 3 to 13 inches; 14 to = ine: 
% to 4 inch; 4 to + inch; and 4 to 1/8 inch, The lest size is added to tne 
send in proportions to meet specifications for concrete sand. 


Some sizes, notebly brick sand, # to 4 inch-.revel, and 4 to = inch 
gravel are made in excess quantities, Tepeaeiel ly during the winter months. 
A slack-line cablewey drags this surplus away fron the nlant in the direction 
indicated by arrows on the plan (fig. 4). These materials are reclaimed by 
reversing the cableway bucket. This storage is necessary because of the 
seasonal: demand for the fines. | 


61 of 6s 


Google 


XOL NOG Le 1007 Kobi JO UOfd -'¢ ASN 


> Silld OL 


eaaian pue ae Ja1eM GI 


G14 JO 4UBig sBeuppuesg £ 

SuIg YONI . Buiqqns2sg 9 

S 

SU9842IS Buiesqi~n ti} puod Bujyjas op 
suofaauoy Ol Jaddoy Buipeojun  ¢ 

XOQ BUIXIN, 6 MUBLIajeM 2 

WOOJ jO4,U09-914429/9 g SyUeLjany | 


) 
| 
Suaasos Buisuiy 2 seysnis 
| 


a 
: 
\ | | 
= SUI] JajeM,e \-St ui 
||| a Seen 4 
= = = 


ALOK Nw ™ 


Original from 
THE OHIO STATE UNIVERSITY 


Digitized by Google 


The cablevay is equipped with a bottomless, $-yard buctet, pulled by a 
3/€-inch plougk-steel czble at a rate of 100 f.p.m. The track cable is +, inch. 
Eoth cabled last about one year. ‘The cableway is powered with a 15-hn. motor, 
gear-connected to the drag and reverse drums. 


A subsidiary compeny making cold-mixed asphalt buys a considcereble 
quantity of the fines, Tney are also shipped to the central concrete plant 
of the company, where tiey are used in concrete mixes whenever possible. 
Tnese tvo plants take considerable material tiie disposition of which vould 
ordinarily be a problen, — 


The plent will easily wash end store 250 tons of material per hour. The 
storage will hold over 30,000 cubic yards without dragging any material away 
from the plant. The sczraner more than doubles this storage capacity. 


The storage piies ars directly on the grounc and there is no division 
wall tetween them. ‘uch division is unnecessary because the gravel and send 
are drawn from the center of the storage piles and the angle of renose does 
not permit one grids of material to flow to the gates underneath the adjoin- 
ing vile, even if the latter is low. : | 


A loading-out tunnel 7 by 7 feet inside and 400 feet long traverses the 
entire length cf the storage piles. Under eacn stock pile are three or four 
16 by 16 inch manually operated clamshell gates for drawing the material onto 
a 24-inch conveyor belt which is 475 feet between centers. Tnis conveyor is 
norizontal through the length of the tunnel, then rises about l2 feet ina 
distance of 36 feet. The gravel travels out of the tunnel onto an inclined 
24-inch conveyor belt (see section B-B, fig. 4) which carries it to the top 
of the loading tipple. ‘The tipple belt is inclined about 15° and is driven 
by a 10-hp. ball-bearing motor, gear connected. Tae belts are of the same 
construction as the other 24-inch belts. The speed of the tunnel belt is 
250 f.p.m., but that of the tipple belt is increased to 275 f.p.m., az a 
greater load is deposited on the horizontal tunnel belt than can be carried 
by the inclined tipple belt at the same speed. | 


The grading of the gravel is done on the tunnel belt; that is, the 
various sizes are put on the belt in tne proportions necessary to meet 
Bpecifications. Two men are required in the tunnel to proportion the 
material and to prevent bridging ebove the gates. Only a short time is re- 
quired to train a man to adjust the gates to get the correct gradings. Tie 
plant foremen looks after the grading personally and checks it by meking 
Bcreen analyses, taking his samples from the car-loading chute. At the load- 
ing tipple the sand is dropped directly into the railroad cars througa a flop 
gate, but gravel is diverted into a cylindrical screen 4 feet in diameter and 
10 feet long, where it is spreyed by a stream of water to rinse off dust that 
las accumulated in the stock pile. This screen makes 30 r.p.m. and is in- 
clined at 4°. It is a trunnion-type screen of skeleton construction and is 
covered with 4-inch mesh woven-wire cloth. It is belt driven from a 10-hp., 
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ball-bearing motor making 1,800 r.p.m. ‘ce various sizes of gravel carried 
on the belt are thoroughly mized by the rinsing screen before going into the 
car. The chute for loading cars is hinsed so that it can be swung from one 
side of the cer to the other to prevent segregation of sizes. After loading, 
the cars are hauled to the railroad siding for shipment. | 


Tne washing plant consumed 247,900 kw.h. during 1931 or 0.0725 kv, h. 
per ton. of sand and gravel mined. 


Repairing of all equipment is done in tne company's own machine shop 
under the direction of a master mechanic. The shop is equinped for all 
classes of repair work, except gear pressing and the turning of locomotive 
tires. Bushings and many wearing parts are made in the shop and a supply of 
them is kept on hand for making breakdown replacements. 


RECOVERY 


About 60 per cent of the material mined is sold as sand and gravel and 
40 per cent is wasted. Of the 60 per cent saved, <4 per cent is sold as 
washed gravel, 18 per cent as washed sand, and the other 18 per cent as pit- 
run sand and gravel. The latter is used for railroad ballast and in making 
concrete bass for streets where an asphalt or brick topping is used. 


PAY SYSTEM 


A monthly salary is paid the superintendent, foremen, and master mechanic. 
These men receive a 2-veeks paid vacation each year and bonuses on @ profit—— 
sharing basis, the rate being fixed by the board of directors, The other men 
are paid an hourly wage ranging from 30 to 75 cents depending on the class of 
work they do. The wage scale is based on a 10-hour day and 300 working days 
per year. 


SAFETY METHODS AND FIRST-AID TRAINING 


The foremen are the key men in the safety organization. A meeting is 
held once a month at which a man furnished by the underwriters of the company': 
liability insurance gives a talk on.safety methods. He has divided tre men 
into two groups for "no-accident competition.” The competitive plan has 
proved most satisfactory and especially so when encouraged by company 
officials. | 


ADWINISTRATIVE ORGANIZATION 
The organization chart, Figure 5, correlates each department, and shows 
the average number of men in each. The pit superintendent handles all pro- 
duction and maintenance matters, acting with the vice-president in an advasery 
capacity. 
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Table 1.- Sumuary of Costs 
hart Snur pit . Period: January 1 to December 31, 1931. 


Overcturden removed ....... tens 288,000 (estimated) 
Sand and gravel loaded ... do 341,633 
Sand and gravel washed ... Go 268, 279 


Cost per dry ton of sand and gravel mined 


26 Oe se ae Oe 


| — ke Labor {Su 2 r3 Por 
| ul ervisior: or! Power Fuel 
Stripping end mining ..... 4» 10.032 3 | 69.0163 $0,00%4 
Track maintenance oe evcccens Be 0047 - - 
Transportation werccseccccce 0050 .0010 ! - Ol 


“| 

"1 

Pit maintenance ee ea 0055 | — 
Was2ing PlEnt wecccecccssece pee .0073 ko. cee 
Flant maintenance ....ssceee 053 | | = 20197 
Total direct operating he —'s 0. 0253 6.030 0.0219; 0.0720 
DEPPECleticn: sss s.6ese6aews.ve - | 

Depletion festeetenatieseeeed 


Total ovcratins cost ... i+ 


ee ae ee ee eee 


ie a Se ae En NE RES SSCS SC 


Washing-plant operatinz cost based on tons washed 


ee eae eee ae eee ea areata 
Lzbor Taupervision Power, Fuel [sx Power; Fuel [Supplies Total 
Washing Plant .esevecveveces #0.0568) "$0.0 0083 $0, tad 90: “97 786.0893 
rlant maintenance RAG oop ae 0062 - ain 01°, .0248 | 
Totals @esveweaeoensvo*#eeveeenr . 1040830 | 0,008 rotons G3 | 0.1241 


Jable 2.- Sumury of Costs in Uaits of Labor, Pover and Suoplies 


hart Spur pit Feriod: vanuary 1 to Decemver 41, 1931. 
Overburden removed ....... tons 268,060 (estimated) 
Sand and gravel loaded ... do 341,633 
Sand and gravel washed ... Go 239,279 


Total per ton of 
sand ana zravel 
loaded 
0.073 

043 

2025 


Stripsing| Mining ' Crushing 


| 
A, Lacor: (man-Hours per ton) ! | 
LOAGING eecccccsccccccecs 0.034. | 0,044 | 
Transportation ...cccvees ~ | O04 
PLS TO 255. W wie 6 ora a ecaeateee ears ~ = 
SUpervision ‘seescedewese - ! 2009 
TOVGL: s6 beeen seen 4s ee 0.054 _ _G.lel 
Average tons per man per Shift c..ccccccecccscsesscvesses O00 
Labor, er cent of total operating COSt .ecccccccvevees 4058 


B. Power and Sunvolies: (per ton of said and grevel loaded) 
Dragiine, distillate ...ccccccccvvccvcccccvececsce CALs Dela 
Locomotive, fuel O11 wcccccccccsscvscsccccessessse OOL, 9.0292 
MOCOINe PLANE: «sss sss seww Ss esewselnt hweee-46 06 Se ew se BON e Rs. OS0lee 


Fuel and nower, per cent of totel operating cost .....e50e 12.0 
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Table 3.- Detailed averaye Drecline Costs 


rart Spur pit Period: Jamary 1 to December 41, 1931. 
Monighan dragline, 3-cuvic yard bucxet. 


Overburden removed .ececoeee tons 268,000 (estinated) 
Sanc and gravel loaded ...... GO 341,633 


Sand and gravel Overburden | Total Total 
1,533 tons 282,000 tons) {| (629,633 tons cost pez 

| . ton of 
Cost ! Cost. | Cost j|sand ans 


Anount |per ton! Amount {per ton| «amount per ton; gravel 
Engineers ....eseee| $1,950.00! $0.0057 ‘$1, 300.00| 30.0044; $4,250, 00! $0.00511§0. 00¢5 
Firemen .ececccceee! 1,040.00 .0045' 1,110. “oot .0038| 2 ,650. 00! 20042 0077 


Forenen ..........+| 2,520,00; .0073! 1,680.00 .0058| 4,200.90! .9061, .0123 
2,440.00. 039! .0072 


Pitmen spoaieumibsens! | 1ya0o.00) 0043 : 975. 00| CQO34; 
Other. labor .......; 1,620. 001 0087. 1,080. 00} 200 
Total operating | 
9,095.00; O 0265, 6,145.00] 0,0211}15,240 00. oF 0236! 0.0446 


LADO. 4 sree s-ow a5 
| | 


PUG]. gcse cei eea dt 5c8. 33; 0.0022, 465.55; 0.0016: 1,163. 88: 0. 9018 0.0034 
Grease and eee z 254.5 0061. 1,500.C0O C052: 2,774,55 0059 eC110 


+ me oe: 


Total suppliscs ..| 6,952. oy 8, 0. 0083; 1,965,005, 0 0 W058 | 4,938.4 ; 0.0077 0.0144 


Shop labor ove@eeoe eee 


145. 52 0.0033 760.00] 0. 0026 1,905. 5 0.0030! 0.0055 
Repair supplies ... 


73,04 Obst 3.5 520.00! .0122; 8,893.94: 0141, 0260 
¢.46: 0.0191. 4,280. 00 | 0.0148 '10,799.46: Q.9171{ 0.0315 


| ‘ 
89} 0.0484' 0.0905 
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President end generel manager 


Production~Vice president 64 Finance - Purchasing-Treasurer 4 
Pit 30 Sales manager 2 Accounting and taxes 2 
\ 
‘N 
N 
‘\ 
Quigley plant l2---- Traffic | Credits and collections | 
/ 
7 
nA 
Riverside plent 16 Legal and insurance | 


Frovre 5.-Orgenizetion chert 
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